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FLEXIBLE LIGHT PIPL

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/659,051 filed on Jun. 13, 2012, enfitled,
FLEXIBLE LIGHT PIPE, the entire contents of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

Various types of lights and lighted accessory units have
been developed for motor vehicles and the like.

U.S. Pat. No. 7,712,933 discloses lighted assemblies that
include LED light sources that are encapsulated 1n a polymer
material. The lighted assembly may comprise an LED light
source that 1s connected to a light guide as shown 1n FIGS.
7-11 of the *933 patent. However, known vehicle lights may
suifer from various drawbacks.

The present invention relates to a tlexible, clear light pipe/
lighted logo. The light pipe or logo may be curved and
deformed for mounting on curved, inflexible surfaces. The
light p1ipe or logo may also be utilized 1n situations where the
part must actually flex like in applications, vehicle seat, floor

mat or stmilar flexible vehicle trim component. It may also be
utilized 1n non-automotive applications such as mouse pads,
clothing, baggage, or stick on logos. The light pipe also pro-
vides mdependent control of i1lluminated areas by use of
multiple LED’s 1n one light engine, and splitting of light from
one LED to multiple locations of illumination using the thick-
ness of the light pipe and 1ts shape to split the light as needed.

BRIEF SUMMARY OF THE INVENTION

One aspect of the present invention 1s a high clarity clear/
transparent and flexible light pipe having a plurality of layers
of light pipes. This construction permits multiple lighted
arecas having illumination that 1s individually controlled.

The flexible lighted assembly may include a light source
comprising at least one LED. The LED may optionally be
encapsulated m a light transmitting material. The flexible
lighted assembly may also include a plurality of overlapping
sheets of flexible light transmitting material. Each sheet has
first and second opposite side surfaces and a peripheral edge
surface extending between the first and second opposite side
surfaces. The sheets recerve light from the light source and
internally reflect the light to thereby guide the light through
the sheets. The first and second side surfaces of each sheet
includes a retlective area that reflects a substantial majority of
the light from the LED internally. At least the first side surface
of the sheets includes a light emitting area that permaits escape
of light from within the sheet whereby the light emitting area
can be 1lluminated by the LED.

Another aspect of the present invention 1s a method of
making a flexible lighted assembly. The method includes
providing a light source and forming a plurality of light
guides from thin sheets of light transmitting polymer mate-
rial. The thin sheets of light transmitting polymer material
have first and second opposite side faces that are generally
smooth and internally reflect light introduced at edges of the
sheets. The method includes treating at least a portion of the
first side face of each sheet to form light emitting surface
teatures defiming light emitting areas. The method further
includes overlapping portions of the light guides and operably
connecting the light source to the light guides whereby light
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from the light source 1s transmitted through the light guides
and 1lluminates the light emitting areas.

These and other features, advantages, and objects of the
present invention will be further understood and appreciated
by those skilled 1n the art by reference to the following
appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s aplan view of a lighted assembly according to one
aspect of the present invention;

FIG. 2 1s a side elevational view of the lighted assembly of
FIG. 1;

FIG. 3 1s an end view of the lighted assembly of FIG. 1;

FIG. 4 1s cross sectional view of the lighted assembly of
FIG. 1 taken along the line IV-1V;

FIG. 5 15 a cross sectional view of the lighted assembly of
FIG. 1 taken along the line V-V;

FIG. 6 15 a partially fragmentary enlarged view of a portion
of the lighted assembly of FI1G. 4;

FIG. 7 1s a partially schematic view of a portion of the light
assembly of FIG. 1;

FIG. 7A 1s an 1sometric view ol a light source/engine
according to one aspect of the present invention;

FIG. 7B 1s an 1sometric view of a light source/engine
according to one aspect of the present invention;

FIG. 8 1s an exploded view of the individual light guides of
the assembly of FIG. 1;

FIG. 9 1s top plan view of the light guides and light engine
of the light assembly of FIG. 1;
FIG. 10 1s a top plan view of a light assembly according to

another aspect of the present invention;
FIG. 11 1s a side view of the light assembly of FIG. 10;

FIG. 12 1s an end view of the light assembly of FIG. 10;

FIG. 13 1s partially fragmentary cross sectional view of the
light assembly of FIG. 10 taken along the line XII-XIII;

FIG. 14 1s a cross sectional view of the light assembly of
FIG. 10 taken along the line XIV-XIV;

FIG. 15 1s a top plan view of a light assembly according to
another aspect of the present invention;

FIG. 16 1s a partially fragmentary cross sectional view of
the light assembly of FIG. 15 taken along the line XVI-XVI;

FIG. 17 1s a partial cut away of the lighting assembly of
FIG. 15 showing a first light guide/layer;

FIG. 18 1s a partial cut away of the lighting assembly of
FIG. 15 showing a second optical light guide/layer;

FIG. 19 15 a partial cut away of the lighting assembly of
FIG. 15 showing a third light gmide/layer;

FIG. 20 1s a top plan view of a flexible lighted assembly
according to another aspect of the present invention;

FIG. 21 1s a view of the flexible lighted assembly of FI1G. 20
showing the internal components;

FIG. 22 1s a cross sectional view of the flexible lighted
assembly of FIG. 20 taken along the line XXII-XXII;

FIG. 23 1s top plan view of a flexible lighted assembly
according to another aspect of the present invention;

FIG. 24 1s a top plan view of a flexible lighted assembly
according to another aspect of the present invention;

FIG. 25 1s across sectional view of a flexible light assembly
according to the present invention wherein the assembly 1s
bent at one location;

FIG. 26 15 a cross sectional view of a flexible light assembly
according to the present invention wherein the assembly 1s
bent at two locations;

FIG. 27 1s a partially fragmentary cross sectional view of a
flexible light assembly according to another aspect of the
present invention;




US 9,022,631 B2

3

FIG. 28 1s a partially fragmentary cross sectional view of a
flexible light assembly according to another aspect of the

present invention;

FI1G. 29 15 a partially fragmentary cross sectional view of a
flexible light assembly according to another aspect of the
present invention;

FIG. 30 1s an exploded plan view showing a plurality of
light guides according to another aspect of the present mnven-
tion; and

FIG. 31 1s an exploded plan view showing a plurality of
light guides according to another aspect of the present imnven-
tion.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

For purposes of description herein, the terms “upper,”
“lower,” “right,” “left,” “rear,” “front,” “vertical,” “horizon-
tal,” and derivatives thereof shall relate to the invention as
oriented 1n FIG. 1. However, 1t 1s to be understood that the
invention may assume various alternative orientations and
step sequences, except where expressly specified to the con-
trary. It 1s also to be understood that the specific devices and
processes 1llustrated in the attached drawings, and described
in the following specification, are simply exemplary embodi-
ments of the inventive concepts defined in the appended
claims. Hence, specific dimensions and other physical char-
acteristics relating to the embodiments disclosed herein are
not to be considered as limiting, unless the claims expressly
state otherwise.

With reference to FIGS. 1-5, a flexible lighted assembly 1
according to one aspect of the present ivention mncludes a
generally planar outer sheet or layer 4 that 1s secured to
flanges 6 of a tray or housing 8. (See also FIG. 6). In the
illustrated example, the outer sheet or layer 4 has a rectangu-
lar perimeter 10 that 1s the same size and shape as perimeter
12 of flanges 6 of tray 8. However, the perimeters 10 and 12
may have other shapes as required for a particular application.
The outer layer 4 and the tray 8 may be formed from thermo-
plastic polymer or other suitable materials. As discussed
below, one or both of the outer layer 4 and tray 8 may be made
from an elastomeric material to permit flexing of the lighted
assembly 1. The outer layer 4 may be adhesively secured to
the tflange 6 of tray 8 to form a watertight interior space 14.
The outer sheet 4 may also be secured to flanges 6 of tray 8
utilizing heat to melt and interconnect the material of outer
layer 4 to the material of tray 8.

The outer sheet or layer 4 may be made from a transparent
polymer material that has been selectively coated or other-
wise treated to form a first area 16 that does not transmit light,
and to form a plurality of second areas 18 that transmuit light
therethrough. The first areas 16 may comprise ink, paint, or
other layer of opaque material that blocks transmission of
light. The second areas 18 may form letters, numbers,
designs, or other desired shapes. The areas 18 of layer 4 may
be substantially smooth, or the areas 18 may have a rough
(“frosted”) surface. The areas 18 of layer 4 may be coated
with a translucent colored ink or other suitable matenial to
provide a desired lighted color. As discussed 1n more detail
below, an LED light distribution assembly 20 1s positioned
within interior space 14 and i1lluminates the second areas 18.

With reference to FIG. 6, the LED light distribution assem-
bly 20 includes an LED light engine 22 having one or more
LEDs 26 A-26G that provide light to a plurality of individual
light guides 24 A-24G, respectively. The light guides 24 A-
24G comprise individual sheets of polymer material (see also
FIG. 8) that are stacked on top of one another in alignment

5

10

15

20

25

30

35

40

45

50

55

60

65

4

with the LEDs 26 A-26G such that light from the LEDs 26 A-
26G 1s transmitted 1nto the edges of the light guides 24A-24G
at ends 28 A-28G, respectively.

With further reference to FIGS. 7 and 8, the LEDs 26 A-
26G may comprise white LEDs that are encapsulated 1n a
body 30 that 1s molded from a transparent thermoplastic
polymer material. The LEDs 26 A-26G may be operably con-
nected to an electrical circuit 32 that is also encapsulated in
the polymer body 30. One or more electrical lines 34 may
provide power to the electrical circuit 32 and LEDs 26 A-26G.
The LEDs 26 A-26G, electrical circuit elements 32, and other
related components (not shown) may be molded into the

polymer body 30 utilizing the processes disclosed 1n U.S. Pat.
No. 7,909,482 to Veenstra et al, 1ssued Mar. 22, 2011 and/or

U.S. Pat. No. 8,230,575, to Veenstra et al., 1ssued Jul. 31,2012
the entire contents of each being incorporated herein by ref-
erence.

The polymer body 30 may comprise a main portion 36
comprising a transparent polymer material, and a plurality of
secondary portions 38a-38f that comprise an opaque, light-
blocking polymer material. The secondary portions 38 are
disposed between the LEDs 26A-26F to prevent light 40A-
40G from LEDs 26A-26G, respectively, from entering the
other light guides 24 A-24G. The secondary portions 38 may
comprise walls or layers of material extending between the
upper surface 42 and lower surface 44 (see also FIG. 6) of
polymer body 30. The secondary portions 38A-38F may be
formed utilizing a secondary 1njection molding process. For
example, transparent polymer material may be molded 1n a
first mold cavity to form main portion 36, leaving open areas
in the regions corresponding to secondary portions 38 A-38F.
The clear polymer material forming the main portion 36 can
then be positioned i a second mold cavity, and opaque,
light-blocking thermoplastic polymer material may then be
injected to form the secondary portions 38 A-38F.

Referring agamn to FIG. 7, the polymer body 30 may
include a plurality of connectors 46 A-46G that project from
side surface 48 of polymer body 30. The connectors 46 may

comprise male “puzzle piece” type connectors that engage
female connectors S0A-50G (FIG. 8) of light guides 24 A-

24G. The connectors 46 A-46G and 50A-50G may be sub-
stantially similar to the connectors shown 1n FIGS. 7-11 of
U.S. Pat. No. 7,712,933, the entire contents of which are
incorporated herein by reference. The LEDs 26 A-26G are
aligned with the connectors 46 A-46G to thereby direct light
40A-40G, respectively, through the connectors 46 A-46G into
the light guides 24A-24G.

Each of the light guides 24A-24G may comprise a thin
sheet of transparent polymer material such as acrylic, poly-
carbonate, or other material. The light guides 24 A-24G pret-
erably have a thickness of about 0.5 mm or less, and the light
guides 24A-24G are slidably disposed relative to one another.
As discussed 1n more detail below, this permits the light
assembly 1 to flex without damaging the individual light
guides 24 A-24G and other components. Each of the connec-
tors 46 A-46G of polymer body 30 may have a thickness that
1s equal to the thickness of the corresponding light guides
24A-24G, and the individual connectors 46 A-46G may be
vertically positioned to align with the individual light guides
24A-24G. Specifically, connectors 24 A-24G may comprise
“full height” connectors 46 A1-46G1 as shown in FIG. 7A.
Alternatively, the connectors 46 A-46(G may have substan-
tially the same thickness as the polymer body 30 whereby the
connectors 46A-46G form part of the upper and lower sur-
faces 42 and 44 of polymer body 30. Connectors 46 A2-46G2
having this configuration are shown 1n FIG. 7B. If the con-
nectors 46 A-46G are the same thickness as polymer body 30
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(FIG. 7A), the ends 28A-28G of light guides 24 A-24G may
be cut away as shown by the dashed lines 52A-52G and

54 A-54G (FIG. 8) to avoid interference.

Referring again to FIG. 8, the individual light guides 24 A -
24G may be formed from thin sheets of transparent polymer
material that has been cut to form perimeters 56 A-56G having,
the desired shape and size. The perimeters 36 A-56G may be
the same size and shape. However, the sizes and shapes of the
perimeters 56A-56G may be different depending upon the
requirements of a particular application. In general, the
female connecting features S0A-50G may be cut or otherwise
tormed 1n the light guides 24 A-24G at the time the perimeters
56 A-56G are formed. As noted above, the perimeters 56 A-
56(G may be cut away as shown by the dashed lines 52A-52G
and 54A-54G to ensure that light entering the light guides
24A-24G at connectors S0A-50G does not escape into the
other light guides 24 A-24G. Alternatively, the corners 58 A-

58G and 60A-60G of light gmides 24 A-24G may comprise
opaque, light-blocking material to thereby prevent entry of
light from an LED 26 into the wrong light guide 24A-24G

(see also FIG. 9). The light guides 24A-24G may be molded
from polymer material, or cut from sheets of polymer mate-
rial utilizing a saw, water cutter, laser, or other suitable pro-
Cess.

The areas 18A-18G of light guides 24 A-24G, respectively,
may comprise rough surface areas that are formed by laser
treatment ol the upper surfaces 62A-62G of light guides
24 A-24G, respectively. The outer surtaces of the light guides
24 A-24G are preferably smooth (except at areas 18A-18G) to
thereby internally reflect light from LEDs 26 except at the
arcas 18A-18G. The arecas 18A-18G may comprise a plurality
ol surface features extending transverse relative to the adja-
cent smooth surface areas. This causes light to escape at areas
18A-18G, while being reflected internally in other areas.
Light from the LEDs 26 causes the arcas 18A-18G to be
illuminated, without 1lluminating the other areas of the light
guides 24 A-24G. Because the light guides 24A-24G are made
of a transparent material, light emitted from the second areas
18 A-18G 1s emitted upwardly through the other light guides,
and through the areas 18 (FIG. 1) 1n outer sheet or layer 4.

The flexible lighted assembly 1 may include a single light
engine 22 that 1s operably connected to the first ends 28 A-
28G of light guides 24 A-24G. Alternatively, the second ends
29A-29G (FIG. 8) of the light guides 24 A-24G may 1nclude
connectors 50A-50G, and a second light engine 22A may be
operably connected to the second ends 294-29¢ to thereby
provide light to the light guides 24A-24G from both ends
thereof.

As discussed above, the LEDs 26 A-26G may comprise
white LEDs, and the light guides 24A-24G may comprise
transparent material. If this arrangement 1s utilized, the illu-
minated areas 18A-18G will generally have a white color.
Alternatively, one or more of the LEDs 26 A-26G may com-
prise a colored LED to thereby cause the areas 18 A-18G to
selectively 1lluminate with different colors. Also, the light
guides 24 A-24G may comprise colored polymer material to
provide colored 1llumination at the second areas 18A-18G.

Also, the individual LEDs 26 A-26G may be configured to
i1lluminate at different times. For example, the electrical cir-
cuit 32 may be operably connected to a switch (not shown).
Upon actuation of the switch, the LEDs 26 A-26G may illu-
minate 1 sequence with a delay of, for example, one second
between the illumination of each LED 26A-26G. The 1ndi-
vidual LEDs 26 A-26G may be selectively turned on and off
according to various predefined sequences to provide various
lighting effects.
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With further reference to FIGS. 10-14, a flexible lighted
assembly 101 according to another aspect of the present
invention includes an upper layer 104 and a tray 108 that are
connected/sealed at perimeters 110 and 112 to form a water-
tight 1nterior space 114 1n substantially the same manner as
described 1n more detail above 1n connection with the tlexible
lighted assembly 1. The flexible lighted assembly 101
includes a plurality of light guides 124 A-124G that are oper-
ably connected to a light engine 122 and/or a light engine

122A. The light guides 124 A-124G may be substantially
identical to the light guides 24 A-24G described 1n more detail
above, and the light engine 122 may be substantially identical
to the light engine 22 described 1n more detail above. The
light engine 122A may be substantially 1dentical to the light
engine 122.

The upper sheet or member 104 of the flexible lighted
assembly 101 may include a flat first area 116 that 1s covered
by a layer of opaque material to block light. The upper sheet
or member 104 also includes transparent arcas 118A-118G
that transmit light from light guides 124A-124G to thereby
illuminate the arcas 118A-118G. The arcas 118 A-118G may
comprise raised regions as shown in FIGS. 11 and 12. The
upper sheet or member 104 may be formed from a thin sheet
of polymer material that 1s thermoformed to raise the areas
118A-118G, or the upper member 104 may be formed by
injection molding or the like to thereby form the raised areas
118A-118G. The raised areas 118A-118G may be substan-
tially the same thickness as the area 116, or the member 104
may be thicker in the arecas 118A-118G. The arcas 118A-
118G may be illuminated utilizing LEDs 26 A-26G 1n sub-
stantially the same manner as described 1n more detail above
in connection with the flexible lighted assembly 1.

With further reference to FIGS. 15-19, a flexible lighted
assembly 130 according to another aspect of the present
invention includes an upper sheet 134 and tray 138 that are
substantially the same as the upper sheet 4 and tray 8 of the
flexible lighted assembly 1 described in more detail above.
The flexible lighted assembly 130 includes light guides
154 A-154C that have a construction that 1s substantially simi-
lar to the light guides 24A-24G. Light guide 154 A 1s 1llumi-
nated by a first LED 26 A (FIG. 17), second light guide 154B
1s 1lluminated by a second LED 26B (FIG. 18), and a third
light guide 154C 1s illuminated by a third LED 26C (FIG. 19).
The first light guide 154 A may be cut away at 158 A and 158B
to ensure that only light from LED 26A enters light guide
154 A. First light guide 154A 1ncludes one or more illumi-
nated areas 160A that form a first lighted zone 156A. The
illuminated areas 160A may be formed by laser treatment or
other suitable process forming a rough surface on light guide
154 A to thereby cause the arecas 160A to be illuminated.
Similarly, second light guide 154B includes 1lluminated areas
1608 that form a second lighted zone 1568, and third light
guide 154B includes one or more 1lluminated areas 160C that
form a third lighting zone 156C.

The individual LEDs 26 A-26C may be controlled by an
clectrical circuit 32 to thereby selectively 1lluminate lighting
zones 156 A-156C. For example, the flexible light assembly
130 may be configured to 1lluminate only the second lighted
zone 156B under certain conditions, and 1lluminate all three
zones 156 A-156C under other operating conditions. Also, the
zones to be lighted may be controlled by a user.

With further reference to FIGS. 20 and 21, a flexible lighted
assembly 170 according to another aspect of the present
invention may include a housing 172 that 1s constructed sub-
stantially the same as the housing of flexible lighted assembly
1 described in more detail above. The tlexible lighted assem-
bly 170 1s generally L-shaped, and includes a first leg portion
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174, second leg portion 176, and a corner portion 178. A light
engine 180 may be disposed within the housing 172 at corner
portion 178. Light engine 180 includes LEDs 26 A and 26B
that provide light to light guides 184A and 184B, respec-
tively. The light engine 180 may be constructed 1n substan-
tially the same manner as the light engine 22 described in
more detail above, and may be connected to light guides 184
utilizing connectors 46 A-46G and 50A-350G. The light engine
180 also 1includes electrical components 32 that are connected
to one or more electrical lines 34 to supply power to the LEDs
26 A and 26B. The light guides 184A and 184B 1nclude 1llu-
minated areas 182 A and 182B that are formed 1n substantially
the same manner as the illuminated areas 18A-18G (FIG. 8).
The 1lluminated areas 182A and 182B may comprise letters,
numbers, designs, or the like.

With turther reference to FIG. 23, a flexible lighted assem-
bly 190 1s substantially similar to the lighted assembly 170 of
FIGS. 20 and 21. However, the light assembly 190 1includes a
first leg portion 170 having angled first and second portions
174A and 174B, respectively. It will be understood that a
flexible light assembly according to the present invention
may have virtually any shape required for a particular appli-
cation.

With further reference to FIG. 24, a flexible lighted assem-
bly 195 according to another aspect of the present invention
has an L-shape with a first leg portion 174 and a second leg
portion 176. The assembly 195 includes light guides 198A
and 198B that are optically connected to a light engine 196
utilizing connectors that are substantially similar to the con-
nectors 46A-46G and 50A-50G described 1n more detail
above 1n connection with FIGS. 6-8. The first light guide
198A includes a curved edge 197 A and an end surface 194 A.
The second light guide 198B includes a curved edge surface
197B and an end surface 194B. The end surfaces 194 A and
1948 are connected to light engine 196, and receive light
from LED 26. The curved edges 197A and 197B internally
reflect light from LED 26 and direct the light along the light
guides 198A and 198B to the i1lluminated areas 182A and
1828, respectively. The illuminated areas 182A and 182B
may be formed 1n substantially the same manner as the 1llu-
minated areas 18A-18G discussed 1n more detail above in
connection with FIG. 8.

Referring to FIG. 25, flexible lighted assembly 1 can be
bent along a bend 64 without breaking the light guides and
other components forming the flexible lighted assembly 1.
With further reference to FIG. 26, the flexible lighted assem-
bly 1 may be tlexed along a first bend 64 and a second bend 66.
It will be understood that the flexible lighted assemblies 101,
130, 170, and 195 may also be flexed along one or more bends
64 and 66 as 1llustrated 1n FIGS. 25 and 26.

The flexible lighted assemblies of the present imnvention
may be utilized 1n a variety of applications. For example, the
tflexible lighted assemblies may be utilized 1n connection with
arigid, curved surface. The tlexible lighted assemblies can be
fabricated and then flexed to match the curved surface as
required at the time the lighted assembly 1s mounted to a
vehicle structure (e.g. door sill, dashboard, etc.). In this way,
fabrication of the illuminated assembly 1s simplified because
it does not need to be molded to a specific shape prior to
installation. Furthermore, production tolerances and the like
in the curved surface to be covered are well-tolerated by the
flexible lighted assembly.

Furthermore, the flexible lighted assemblies of the present
invention may be utilized in parts or other components that
are flexed 1n use. For example, the lighted assemblies may be
utilized to provide lighted tloor mats for motor vehicles. Also,
the lighted assemblies may be positioned on/in an uphol-

5

10

15

20

25

30

35

40

45

50

55

60

65

8

stered, padded surface that 1s flexed 1n use. For example, the
lighted assembly of the present invention may be positioned
below alayer of upholstery or the like 1n a vehicle seat, and the
upholstery may be provided with openings corresponding to
the 1lluminated areas. For example, the flexible lighted
assembly 101 (FIGS. 10-14) may be utilized 1n a vehicle seat
or floor mat with upholstery 106 covering the area 116 of
flexible lighted assembly 101. Openings 107 may be formed
in the upholstery 116, with the raised 118 A-118G protruding
through the opemings 107 1n upholstery 106. It the flexible
lighted assembly 101 1s used on an upholstered seating sur-
face, padded, upholstered interior panel, or the like, the upper
sheet 104 may be made from a stretchable material such as a
thermoplastic elastomer (e.g. Santoprene®) having light-
transmitting properties. If a stretchable material 1s utilized to
form the upper sheet 104 the tray 108 may be formed from a
somewhat more rigid polymer material. For this type of an
application, the upper sheet 104 may have a thickness 1n the
range of 0.25 mm-2 mm or more, and the tray 108 may be
formed from polymer material having a thickness 1in the range
of about 0.25 mm to about 1.0 mm. A flexible lighted assem-
bly 101 constructed in this manner may also be utilized in
lighted floor mats for motor vehicles. In this case, the uphol-
stery 106 may comprise carpet or the like, or it may comprise
a thin sheet of elastomeric material. The tloor mat 109 may
cover the tray 108 such that the flexible lighted assembly 101
1s substantially contained within the floor mat 109. The floor
mat 109 may be made from a flexible opaque polymer or
clastomeric material, and the upper sheet 104 may be molded
from a white light transmitting material whereby by the areas
118A-118G are clearly visible when LEDs 26 are turned off,
provided suilicient ambient light 1s available.

The matenials utilized to form the outer sheet 4 and tray 8
of flexible lighted assembly 1 and upper sheet 104 and tray
108 of flexible lighted assembly 101 may be selected to have
the necessary degree of flexibility and/or stretch required for
a particular application. For example, the upper layer 4 or 104
may be made from a relatively rigid transparent polymer
material (e.g. acrylic, polycarbonate, etc.), and the tray 8 or
108 may be made from a flexible/stretchable matenal. For
example, the tray 8 or 108 may be made from foam, an
clastomeric material, a thermoplastic elastomer such as San-
toprene®, urethanes, silicones, neoprene, latex, or EPDM. In
general, at least one of the outer layer 4/104 and tray 8/108 1s
made from a stretchable matenial to permit flexing of the
flexible lighted assembly 1/101. The flexible lighted assem-
blies 130, 170, and 195 may also be constructed utilizing
flexible/stretchable materials to achieve the desired degree of
flexibility.

With further reference to FI1G. 27, a flexible light assembly
200 according to another aspect of the present invention 1s
similar to the flexible light assembly 130 of FIGS. 17-19, and
include a housing formed by members 204 and 208. The light
guide 154 A (FIG. 17) may include cutouts 158a and 1585 that
form a “bridge™ or extension 166A extending to the LED
26A. Light guide 154B may include a cutout 162 that forms a
bridge or extension 1668 extending to LED 26B, and light
guide 154C may include a cutout 164 that forms a bridge or
extension 166C extending to LED 26C. The bridges 166 A -
166C may include a female cutout or connector that 1s sub-
stantially the same as the connectors 50A-50G (FIG. 8), and
light engine 22 may include a plurality of connectors 46A-
46C that connect to the connectors 50A-50C of light engine
22. Lightfrom LEDs 26 A-26C is thereby provided to the light
guides 154A-154C, respectively. As discussed above, the
connectors 46 A-46C may have the same thickness as the light
engine 22, such that the connectors 46A-46C extend from
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upper surface 42 to lower surface 44 of light engine 22.
Alternatively, the connectors 46 A-46¢ may have a thickness
that 1s substantially equal to the thickness of the light guides
154A-154C, respectively, and the connectors 46 A-46C may
be positioned at a height that 1s equal to the height of the light
guides 154 A-154C. Alternatively, as shown 1n FIG. 27 the
LEDs 26A-26C may all be positioned at the same central
height within light engine 22, and the bridges 166 A-166C
may be flexed to align the ends 168A-168C of bridges 166 A-
166C with the LEDs 26A-26C. The ends 168A-168C of the
bridges 166A-166C may include female connectors S0A-
50C that are secured to connectors 46 A-46C of light engine
22 utilizing a clear adhesive or the like.

With turther reference to FIG. 28, a flexible light assembly
210 according to another aspect of the present invention
includes a construction that 1s similar to the flexible light
assembly 200 of FIG. 27, and includes a housing formed by
members 214 and 218. However, the flexible light assembly
210 1ncludes a light engine 2135 having a plurality of LEDs
26 A-26C that provide light to the bridges 166 A-166¢ utiliz-
ing opaque polymer material 212. Light engine 215 has a
construction that 1s substantially similar to the light engine 22
(FIGS. 6 and 7), except that the body 30 1includes a transparent
main portion 216 and opaque polymer portions 212 that are
integrally molded utilizing a two-step 1njection molding pro-
cess that 1s similar to the process described in more detail
above in connection with the secondary portions 38A-38F
(FIG. 7). The opaque polymer portions 212 may be wedge-
shaped to direct light up or down as required from LEDs
26 A-26C to the proper light guide 154A-154C. The opaque
polymer portions 212 ensure that the light from LED 26 A 1s
received only in light guide 154 A, and that the light from LED
26B 15 recerved only 1n the light guide 154B, and that light
from LED 26C 1s recerved only 1n light guide 156C. Light
engine 215 may include connectors as shown in FIGS. 7A
and/or 7B.

With further reference to FIG. 29, a flexible light assembly
220 according to another aspect of the present invention has a
construction that 1s similar to the flexible light assemblies 200
and 210 of FIGS. 27 and 28, and includes a housing formed by
members 224 and 228. However, the flexible lighted assem-
bly 220 includes a tray 8A having a raised area 122 that
selectively blocks light from LEDs 26A-26C and also sup-
ports the bridges 166A-166C of light guides 154A-154C,
respectively. The raised portion 122 may be configured to
support the bridges 166 A-166C at the proper height to align
the bridges 166 A-166C with the LEDs 26A-26C of light
engine 22. The LEDs 26 A-26C may be positioned within the
polymer body 30 of light engine 22 at different heights to
thereby align the LEDs 26 A-26C with the light guides 154 A-
154C. The light engine 22 of flexible light assembly 220 may
include a plurality of connectors 46 A-46C that are the same
thickness as the light guides 154A-154C (FIG. 7B), and
aligned with the light guides 154A-154C, or “full height”
connectors (FIG. 7A).

It will be understood that the light engines and light guides
of FIGS. 27-29 may be utilized 1n connection with the flexible
light assemblies of FIGS. 1-26.

With further reference to FI1G. 30, the flexible light assem-
blies of the present mvention may also utilize light guides
230A-230G. The light guides 230A-230G are made from thin
sheets of transparent polymer material, and include 1llumi-
nated arcas 18A-18G that may be formed by rough surface
areas created on the surfaces of the light guides 230A-230G
utilizing laser, chemical, or abrasive processes. The ends
234A-234G of light guides 230A-230G respectively are cut
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236G. The extensions 236 A-236G are connected to a light
engine 232 1n alignment with a selected one of the LEDs
26A-26G. In FIG. 30, each light guide 230A-230G 1s shown
connected to light engine 232, but 1t will be understood that all
of the light guides 230A-230G are connected to a single light
engine 232 when fully assembled. The light guides 230A-
230G may include protrusions 238A-238G and 240A-240G,
respectively. The protrusions 238A-238G and 240A-240G
are recerved 1n corresponding grooves 142A-142G respec-
tively of light engine 232 to interconnect the light guides
230A-230G to light engine 232. The grooves and protrusions
may be utilized instead of the “puzzle piece” connectors of
FIGS. 6, 7A, and 7B.

With further reference to FIG. 31, the flexible lighted
assemblies of the present invention may include light guides
250A-250G having extensions 252A-252G that recerve light
from LEDs 26A-26G of a light engine 254. The light engine
254 may be constructed utilizing substantially the same
molding process as described 1n more detail above 1n connec-
tion with FIGS. 6 and 7. Light engine 254 may include a main
body 256 that 1s molded from a transparent polymer material,
and a second portion 238 that comprises opaque polymer
material that 1s molded into the transparent polymer main
body 256 utilizing a two-shot injection molding process. The
opaque polymer second portion 258 may be configured to
selectively block light from LEDs 26 A-26G to thereby ensure
that light from LEDS 26A-26G 1s transmitted into only the
proper light guide 250A-250G. The light guides 250A-250G
may include protrusions 260A-260G and 262A-262G that are
received in grooves 1 polymer main body 256 to interconnect

light guides 250A-250G to light engine 254.

What 1s claimed 1s:

1. A flexible lighted assembly, comprising:

a light source comprising at least one LED;

a plurality of overlapping sheets of flexible light transmit-
ting material, each sheet having first and second oppo-
site side surfaces and a peripheral edge surface extend-
ing between the first and second opposite side surfaces,
wherein the sheets recerve light from the light source and
internally reflect the light to thereby guide the light
through the sheets, the first and second side surfaces of
cach sheet including a reflective area that retlects a sub-
stantial majority of the light from the LED internally,
wherein at least the first side surface includes a light
emitting area that permits escape of light from within the
sheet whereby the light emitting area can be 1lluminated
by the LED.

2. The flexible lighted assembly of claim 1, wherein:

the LED 1s at least partially encapsulated 1n light transmiut-
ting material.

3. The flexible lighted assembly of claim 2, wherein:

an outer surface of the light transmitting material of the
light source 1s disposed adjacent the peripheral edge
surfaces of the sheets such that light from the LED
escapes from the outer surface and enters the peripheral
edge surfaces of the sheets.

4. The tlexible lighted assembly of claim 3, wherein:

the light source includes a polymer body havmg a plurality
of integrally formed first connectors;

the sheets include second connectors that mechanically
and optically connect to the first connectors.

5. The flexible lighted assembly of claim 4, wherein:

the sheets comprise polymer material having a substan-
tially uniform thickness.

6. The flexible lighted assembly of claim 5, wherein:

the sheets have a thickness that 1s less than about 1.0 mm.
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7. The flexible lighted assembly of claim 6, wherein:

the sheets define a length and a width, and wherein the
length and the width are both at least about 1.0 cm.

8. The flexible lighted assembly of claim 5, wherein:

the peripheral edges of the sheets are generally rectangular.

9. The flexible lighted assembly of claim 8, wherein:

the peripheral edges of the sheets have substantially the
same size and shape.

10. The flexible lighted assembly of claim 3, wherein:

the reflective areas comprise substantially smooth sur-
faces, and the light emitting areas comprise 1rregular
surfaces that extend transverse relative to the smooth
surfaces.

11. The flexible lighted assembly of claim 1, wherein:

the plurality of sheets include an outer sheet and an 1nner

sheet, and wherein the light emitting area of the inner

sheet faces the second side surface of the outer sheet
whereby light form the light emitting area of the inner
sheet passes through the outer sheet.

12. The flexible lighted assembly of claim 11, wherein:

the light emitting areas of the outer sheet and the inner
sheet do not overlap.

13. The flexible lighted assembly of claim 1, wherein:

the light source includes a plurality of LEDs.

14. The flexible lighted assembly of claim 13, wherein:

cach LED only provides light to a single one of the sheets.

15. The flexible lighted assembly of claim 1, including:

a housing defining an internal space; and wherein:

the light source and the sheets are disposed in the internal
space.

16. The flexible lighted assembly of claim 15, wherein:

the housing includes a side wall that overlaps the sheets,
and wherein the side wall includes light transmitting
arcas that are generally aligned with the light emitting
areas ol the sheets, the side wall further comprising
opaque areas that are generally aligned with the retflec-
tive areas of the first side surfaces of the sheets.

17. The flexible lighted assembly of claim 16, wherein:

the side wall comprises light transmitting polymer material
having a layer of opaque material disposed thereon to
form the opaque areas.

18. The flexible lighted assembly of claim 16, wherein:

the side wall comprises a sheet of polymer material having
a substantially uniform thickness.

19. The flexible lighted assembly of claim 16, wherein:

the side wall comprises polymer material having an outer
surface, the outer surface comprising a generally smooth
main portion, and at least one raised portion that projects
outwardly from the main portion.

20. The flexible lighted assembly of claim 19, wherein:

the plurality of sheets comprise at least first and second
sheets:

the raised portion comprises first and second raised por-
tions that are generally aligned with the light emitting
arcas of the first and second sheets, respectively,
whereby light from the light emitting areas of the first
and second sheets 1lluminates the first and second raised
portions.

21. The flexible lighted assembly of claim 20, including:

a sheet of tlexible material extending over the generally
smooth main portion of the outer surface, the flexible
material having first and second openings therethrough;
and wherein:

the first and second raised portions extend through the first
and second openings, respectively.
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22. The tlexible lighted assembly of claim 21, wherein:

the sheet of flexible material comprises upholstery for a
vehicle mterior component.

23. The tlexible lighted assembly of claim 21, wherein:

the sheet of flexible material comprises at least one of a
polymeric material and an elastomeric material.

24. The flexible lighted assembly of claim 15, wherein:

the internal space of the housing 1s water tight.

25. The flexible lighted assembly of claim 15, wherein:

the housing defines inner and outer sides and a peripheral
edge, the housing including inner and outer members
defining peripheral edge portions that are interconnected
with one another around the peripheral edge.

26. The flexible lighted assembly of claim 25, wherein:

the inner and outer members comprise dissimilar first and
second materials, respectively, and wherein one of the
first and second materials comprises a stretchable elas-
tomeric material, and the other of the first and second
materials comprises a non-stretchable polymer materal.

277. The tlexible lighted assembly of claim 25, wherein:

the stretchable elastomeric material comprises foam.

28. The flexible lighted assembly of claim 25, wherein:

the outer member comprises a sheet of material having
opposite side surfaces that are generally planar when the
outer member 1s 1n a non-deformed state;

the inner member comprises a first sidewall portion that 1s
generally parallel to the outer member, and transverse
stdewall portions extending from the first sidewall por-
tion to define shallow cavity that 1s closed oil by the
outer member.

29. The tlexible lighted assembly of claim 1, wherein:

the opposite side surfaces of adjacent sheets are slidably
engaged with one another whereby the opposite side
surfaces slide relative to one another as the sheets are
tlexed.

30. A method of making a flexible lighted assembly, the

method comprising:

providing a light source;

forming a plurality of light guides from thin sheets of light
transmitting polymer material having first and second
opposite side faces that are generally smooth and inter-
nally reflect light introduced at edges of the sheets;

treating at least a portion of the first side face of each sheet
to form light emitting surface features defining light
emitting areas;

overlapping portions of the light guides;

operably connecting the light source to the light guides
whereby light from the light source 1s transmitted
through the light guides and 1lluminates the light emat-
ting areas.

31. The method of claim 30, wherein:

the light guides are formed by cutting thin sheets of poly-
mer material.

32. The method of claim 30, wherein:

at least a portion of the light emitting areas of the light
guides do not overlap.

33. The method of claim 30, including:

providing a plurality of LEDs;

encapsulating the LEDs 1n a polymer body having a plu-
rality of integrally formed first connectors;

forming integral second connectors in the edges of the light
guides;

mechanically and optically connecting the polymer body
to the edges of the light guides.
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34. The method of claim 30, including:

providing a flexible floor mat for a vehicle, position the
light source and the light guides within the flexible floor
mat whereby only the light emitting areas are visible.

35. The method of claim 30, including;:

providing a flexible upholstery material having inner and
outer sides;

forming openings in the upholstery matenal;

positioning the light guides on the inner side of the uphol-
stery material with the openings aligned with the light
emitting areas.

36. The method of claim 30, including:

providing a flexible housing;

positioning the light source and light guides 1n the housing.
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